Introduction
Chronic kidney disease (CKD) is a major public health problem worldwide and in China. The morbidity of CKD is 10.8% according to a cross-sectional survey [1] . IgA nephropathy (IgAN) is the major pathological type of CKD. The mechanism of IgAN is complicated that many factors such as abnormal IgA1 molecule [2] , abnormal immune regulation [3, 4] , podocyte injury [5] , formation of fibrous scar in tubulointerstitium [6] , hereditary factors [7] , and environmental factors [8] participated in the progression of IgAN. Renal fibrosis, particularly tubulointerstitial fibrosis (TIF), is the common histological outcome of all types of CKD [9] . Accurate and early diagnosis of IgAN and renal fibrosis is important for treating and monitoring the progression of CKD.
The diagnosis of renal fibrosis, also the pathological progress, relies on renal puncture biopsy and pathological staining. Renal puncture is an invasive method which may result in bleeding and other serious complications [10] . Repeated renal biopsy is rare in the clinical practice that leads to difficult monitoring of disease progression. Classic biomarkers of CKD such as serum creatinine (Scr), blood urea nitrogen (BUN), and cystatin C (Cys-c) are incapable of accurately diagnosing renal fibrosis. Therefore, it is important to find a new noninvasive procedure and biomarkers which can diagnose renal fibrosis and pathological progression of CKD.
Recently, real-time quantitative polymerase chain reaction-(qPCR-) based urinary RNA detection has been developed for years as a novel strategy for the identification of renal kidney and CKD biomarkers [11] [12] [13] . Mammalian target of rapamycin (mTOR) is the key molecule that participated in cell proliferation, inflammation, and immunomodulation. Previous studies have indicated the relation between mTOR and CKD [14, 15] . However, if urinary mTOR RNA expression is related to renal fibrosis is unknown. Accordingly, this study was designed to determine the expression of urinary mTOR via qPCR to indicate renal fibrosis.
Methods

Study Design and Participants.
A total of 154 biopsyproven IgAN patients were selected from the Department of Nephrology, Yi Ji Shan Hospital, Wannan Medical College. Exclusion criteria are patients younger than 18 years old from 2017 to 2018; patients with chronic liver disease, urinary tract infection, cancer, or organ transplantation; signs or symptoms of severe complications, including cardiovascular disorder; or the use of steroids or immunosuppressive medications. Urine samples were collected 24 hours after a kidney biopsy, and clinical data were collected for all enrolled patients. Age-and gender-matched healthy volunteers (n = 61) from the Yi Ji Shan Hospital Health Care Center were also enrolled in the study as controls. This study was approved by the Ethical Committee of Yi Ji Shan Hospital, Wannan Medical College. Written informed consents were obtained from all subjects for the use of their urine and biopsy samples for research purposes.
Collection of Urine
Samples and RNA Isolation. Whole stream early morning urine specimens were collected. Urine samples were centrifuged at 3,000 g for 30 min at 4°C. The remaining cell pellets were collected and then resuspended in 1.5 ml DEPC-treated PBS and centrifuged at 13,000 g for 5 min at 4°C. After being washed three times by diethyl pyrocarbonate-(DEPC-) treated phosphate buffer saline (PBS), the pellets were resuspended in 1.0 ml TRIzol Reagent (Ambion, Life Technologies) and stored at -80°C. Total RNA was extracted according to the manufacturer's protocol (Ambion, Life Technologies). Furthermore, the concentration and purity of RNA were assessed using the relative absorbance ratio at 260/280 in a NanoDrop 2000 (Thermo). 18S RNA was measured as the control.
2.3. Real-Time RT-qPCR. RT-PCR was performed using mTOR primers (sense: 5-TCCGAGAGATGAGTCAAGA GG-3; antisense: 5-CACCTTCCACTCCTATGAGGC-3) and 18S rRNA primers (sense: 5-CATGCTAACTAGTTAC GCGACC-3; antisense: 5-GAGCAATAACAGGTCTGTG ATG-3). After RT (50°C, 30 min), hot start (94°C, 15 min), and 40-42 cycles of PCR (94°C, 1 min; 52.5°C, 1 min; and 72°C, 1 min), mTOR mRNA expression was normalized to 18S rRNA and calculated as 2 −ΔΔCt .
Assessment of Renal Fibrosis.
Renal fibrosis was performed on paraffin-embedded sections stained with periodic acid-Schiff and Masson trichrome. Serial 3 m sections were acquired from each paraffin block. Two experienced pathologists who were blinded to the results of molecular studies subjectively scored the severity of renal fibrosis. Glomerulosclerosis was assessed in periodic acid-Schiff-stained sections using a semiquantitative scoring system according to the method of Schaier et al. [16] . Each glomerulus was graded from 0 to 4 according to sclerosis severity, and the average of all glomeruli in the entire tissue sample was calculated for analysis. The evaluation of the percentage of TIF was performed on Masson-stained sections and estimated the severity of TIF [17] . None was considered to be up to 5% of the renal interstitium, moderate between 26 and 50%, and severe > 50%. For analysis, biopsies with a TIF area < 25% were combined as none-to-mild fibrosis. Oxford histological classification was performed according to previous research [18, 19] . Stepwise multivariate logistic regression analysis including all univariate associates (P < 0 05) was used to assess the predictors for renal fibrosis. The diagnostic performance of biomarkers was evaluated using receiver operating characteristic (ROC) curves. The diagnostic threshold for maximum sensitivity and specificity was calculated. All P values were two-tailed, and P < 0 05 was considered statistically significant.
Results
Baseline Clinical and Pathological Characteristics.
Kidney biopsies were performed for the clinical diagnosis of IgAN. Primary clinical and pathological characteristics of the involved subjects are summarized in Table 1 . There were no significant differences in age and gender between IgAN patients and controls. The IgAN group had a significant decrease in the estimated glomerular filtration rate (eGFR) compared with controls. eGFR was calculated using modified MDRD equations for Chinese patients [20] . Relative expression of mTOR was significantly decreased in the IgAN group (P < 0 05 vs. controls, Figure 1 (a)). Oxford histological classification of IgAN patients was also shown in Table 1 . Furthermore, the 154 IgAN patients were divided into 3 groups according to renal fibrosis degree. As shown in Table 2 , there were no significant differences in age, gender, 24 h proteinuria, and BUN among the three groups. The eGFR in severe renal fibrosis was significantly lower compared with the other two groups. The relative expression of mTOR was significantly lower in moderate (P < 0 05 vs. none-mild) and severe fibrosis (P < 0 05 vs. moderate, nonemild) groups than none-mild fibrosis (Figure 1(b) ). Figure 2 showed the representative of different degrees of renal fibrosis confirmed by Masson trichrome.
Correlation between Urinary mTOR Expression, Clinical
Parameters, and Renal Fibrosis. As shown in Figure 3 , urinary mTOR mRNA levels correlated with Scr (r s = -0 430, P < 0 001), BUN (r s = -0 475, P < 0 001), eGFR (r s = 0 490, P < 0 001), 24 h proteinuria (r s = -0 213, P = 0 041), and Cys-c (r s = -0 506, P < 0 001). Further, as shown in Figure 4 , urinary mTOR mRNA levels correlated with score of TIF (r s = -0 563, P < 0 001) and score of glomerular sclerosis (r s = -0 552, P < 0 001).
Stepwise multivariate logistic regression analysis showed that the relative expression of urinary mTOR strongly correlated with the severity of renal fibrosis (Table 3, OR  10 .325, 95% CI: 1.147-50.621, P < 0 001). The results indicated that the expression of urinary mTOR decreased every one unit; the risk for renal fibrosis elevated 10.358 times.
Diagnostic Value of Urinary mTOR mRNA Expression.
The receiver operating characteristic (ROC) curve showed that the urinary mTOR mRNA level effectively distinguished IgAN from controls, with the largest AUC of 0.868 (95% CI: 0.802-0.933; P < 0 001), higher than that of eGFR (AUC of 0.738; 95% CI: 0.660-0.816; P < 0 001), Scr (AUC of 0.769; 95% CI: 0.697-0.84; P < 0 001), BUN (AUC of 0.618; 95% CI: 0.590-0.766; P < 0 001), and Cys-c (AUC of 0.704; 95% CI: 0.634-0.774; P < 0 001). mTOR displayed the sensitivity of 90.2% and specificity of 73.8% at the optimal cut-off value of 0.930 (relative gene expression level, Figure 5(a) ). Further, we evaluated the diagnostic value of urinary mTOR mRNA expression for renal fibrosis. The results showed that the urinary mTOR mRNA level effectively distinguished moderate-to-severe fibrosis from none-mild 0.388-0.603; P = 0 055). mTOR displayed the sensitivity of 71.7% and specificity of 64.8% at the optimal cut-off value of 0.301 (relative gene expression level, Figure 5 (b)). ROC curves for distinguishing E1 from E0, S1 from S0, and T2 from T0 and T1 were also performed. The results showed that the urinary mTOR mRNA level effectively distinguished E1 from E0 ( Figure 6 
Discussion
Our study firstly indicated that urinary mTOR mRNA was a potential noninvasive biomarker of IgAN and especially chronic renal fibrosis. The discovery of CKD and renal fibrosis is a challenging topic attracting several of researchers' direction. The traditional biomarkers of CKD, for example, Scr, BUN, and eGFR, failed to reveal the pathological type of CKD. So far, there was a lack of reliable biomarkers of renal fibrosis, although many studies suggested some candidates [21, 22] . IgAN is a major pathological type of CKD. The previous study indicated that renal CD147 expression is a potential biomarker for IgAN [23] . Other researchers further screened tissue-specific microRNA expression in glomeruli and proximal tubules in IgAN patients [24] . However, renal biopsy was also the unique method of collecting kidney tissue which limited the application in the clinical practice. Repeated renal biopsy has a high risk level for patients. So far, there was no noninvasive method to identify the severity of renal fibrosis.
The urine contained an abundant biological message which can reflect the pathological changes. The changes of some renal fibrosis-associated molecule may reflect in urinary sediment cells, especially the podocyte and tubular epithelial cells. In recent years, qPCR was applicable in urinary mRNA biomarker detection. Li et al. [11] firstly established a noninvasive procedure to diagnose acute renal rejection of allografts by isolating and quantifying RNA of specific genes in urine cells. The obvious advance of qPCR such as high sensitivity and good repeatability makes qPCR a suitable noninvasive method to reflect kidney disease. Urinary sediment cell analysis was an appropriate procedure to screen novel mRNA biomarkers. Many previous studies indicated that urinary mRNA was a potential biomarker candidate of CKD [13, [25] [26] [27] . Zhou et al. further suggested that urinary mRNA expression showed favorable performance in diagnosing early renal fibrosis [28] . Our research revealed that urinary mRNA detection via qRT-PCR was a feasible method to identify the new biomarkers for IgAN and renal fibrosis. Urinary sediment was an appropriate source for IgAN and renal fibrosis diagnosis. mTOR was a widely studied molecule which can regulate cell proliferation, inflammation reaction, and immune reaction [29, 30] . mTOR also participated in renal disease progression. Zhang et al. reported that mTOR signal pathways regulated immunosuppressive function in acute kidney disease [31] . In renal disease, mTOR has been identified as a potential therapy target [32] . Previous studies also indicated that mTOR played a key role in renal fibrosis [33, 34] . However, in different organs, microenvironments, and study objects, the role of mTOR showed an obvious heterogeneity. The key role of mTOR may act to adjust the balance of proinflammatory and anti-inflammatory responses [29] . In this study, we found that in IgAN patients' urinary sediment cells, mTOR mRNA expression was downregulated. Urinary sediment cells contain various types of cells such as podocyte, tubular epithelial cells, collecting duct cells, and even urethral epithelial cells. The downregulation of urinary mTOR mRNA may be a protective reaction in pathological status. The urinary mTOR expression level has diagnosis value for IgAN and renal fibrosis.
The previous studies showed that mTOR was considered as a biomarker of cancer, immune disease, degenerative diseases, and metabolic diseases [35, 36] . In IgAN, inhibition of mTOR ameliorates kidney injury [37] . It remained unknown if mTOR can act as a biomarker for IgAN, especially for renal fibrosis. Our study revealed that urinary mTOR mRNA expression was a potential biomarker for IgAN and renal fibrosis. Additionally, urinary mTOR mRNA expression also correlated with renal fibrosis in IgAN. Moreover, the ROC curve showed that urinary mTOR mRNA expression has potential to diagnose mesangial hypercellularity and endocapillary cellularity. A previous study indicated that the mTOR pathway has an important pathogenic role in diabetic nephropathy. However, if the mTOR signal pathway participated in the glomerular hypertrophy, then renal hyperplasia was uncertain [38] . Our research indicated that urinary mTOR mRNA can serve as a potential biomarker to diagnose renal fibrosis. It may be a potential noninvasive procedure that can identify IgAN and renal fibrosis.
In summary, our study demonstrated that detection of urinary mTOR mRNA could well predict renal fibrosis severity in IgAN, which suggested that this will serve as a novel independent noninvasive biomarker to monitor the progression of kidney fibrosis in IgAN.
Our study also has some limitations. Firstly, the current study is a discovery study focused on IgAN; if urinary mTOR expression can serve as a biomarker of renal fibrosis in other types of CKD needs to be further studied. Secondly, urethral epithelial cells in urinary sediment may influence the reliability of this method. Separation of different types of kidney cells can improve accuracy. Thirdly, to confirm the diagnostic value of urine mTOR mRNA in renal fibrosis and even the mesangial hypercellularity and endocapillary cellularity, a larger group of validation study and a longterm follow-up study are also necessary.
Conclusion
Urinary mTOR mRNA detection served as a noninvasive detection of IgAN and renal fibrosis. Urinary mTOR mRNA expression was a potential biomarker for diagnosis of IgAN and renal fibrosis in IgAN patients.
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